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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce variation in 
L value, and to provide a VCO circuit for an RF 
signal processing having a high Q value. 
SOLUTION: Reception and transmission system 
circuits, such as LNA, mixers, and PLL other tan a 
^~]VCO circuit, are formed in a semiconductor chip 6, 

A 

and the VCO circuit is formed in separate 
semiconductor chips 4 and 5. Elements other than 
a coil among such elements as coil and capacitor 
for composing the VCO circuit are formed in the 
semiconductor chip 5, and the coil is formed on a 
package substrate 1, where the semiconductor chip 
is packaged as printed wiring 3c. 
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JPO and INPIT are not responsible for any damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim llPrinted wiring formed on a supporting board. 
A semiconductor chip mounted on printed wiring. 

It is the semiconductor device provided with the above, and said semiconductor chip contains a capacitor which 
constitutes a dispatch circuit including wiring used as an inductor from which said printed wiring constitutes an 
oscillating circuit. 

[Claim 2]A semiconductor chip in which elements other than an inductor which is a semiconductor device which has 
an oscillating circuit and constitutes said oscillating circuit were formed, A semiconductor device, wherein an 
inductor which is a supporting board in which said semiconductor chip is mounted, has the supporting board in which 
printed wiring was formed, and constitutes said oscillating circuit is formed by printed wiring. 

[Claim 3]The semiconductor device according to claim 2, wherein said semiconductor chip and printed wiring are 
connected via a bump electrode formed in a semiconductor chip rear face. 

[Claim 4]The semiconductor device according to claim 2, wherein said printed wiring is not less than 15 micrometers 
of thickness. 

[Claim 5]The semiconductor device according to claim 2, wherein frequency of said oscillating circuit is not less than 4 
GHz. 

[Claim 6]The semiconductor device according to claim 2, wherein Q value of said oscillating circuit is 60 or more. 
[Claim 7]The semiconductor device according to claim 2, wherein said semiconductor device is used for a mobile 
communication apparatus. 

[Claim 8]The 1st semiconductor chip in which it is a semiconductor device which has a sending circuit, a receiving 
circuit, and an oscillating circuit, and said sending circuit and a receiving circuit were formed, The 2nd semiconductor 
chip in which elements other than an inductor which constitutes said oscillating circuit were formed, A semiconductor 
device, wherein an inductor which is a supporting board in which said 1st and 2nd semiconductor chips are mounted, 
has the supporting board in which printed wiring was formed, and constitutes said oscillating circuit is formed by 
printed wiring. 

[Claim 9]The semiconductor device according to claim 8, wherein said 1st chip is divided into the 3rd semiconductor 
chip in which a sending circuit was formed, and the 4th semiconductor chip in which a receiving circuit was formed. 
[Claim lOlThe semiconductor device according to claim 9, wherein said sending circuit and a receiving circuit are 
circuits in which simultaneous operation is possible. 

[Claim 11] A semiconductor device with which each has a sending circuit and a receiving circuit which can operate 
simultaneously, comprising' 

The 1st semiconductor chip in which said sending circuit was formed. 
The 2nd semiconductor chip in which said receiving circuit was formed. 

[Claim 12]A manufacturing method of a semiconductor device characterized by comprising the following. 

A process for which a supporting board in which printed wiring which has wiring used as an inductor which 



1 



constitutes an oscillating circuit on the upper surface was formed is prepared. 

A process of being a process of carrying a semiconductor chip in which a capacitor which constitutes a dispatch circuit 
was formed on said supporting board, and electrically connecting said semiconductor chip and said printed wiring. 

[Claim 13] A manufacturing method of a semiconductor device characterized by comprising the following. 

A process for which a supporting board in which printed wiring which has wiring used as an inductor which 

constitutes an oscillating circuit on the upper surface was formed is prepared. 

A process of being a process of carrying a semiconductor chip in which elements other than an inductor which 
constitutes a dispatch circuit were formed on said supporting board, and electrically connecting said semiconductor 
chip and said printed wiring. 

[Claim 14]A manufacturing method of the semiconductor device according to claim 13, wherein L value of wiring 
which said printed wiring carries out two or more owners of the wiring used as an inductor, and serves as said 
inductor is two or more sorts. 

[Claim 15]A manufacturing method of the semiconductor device according to claim 13, wherein said semiconductor 
chip and printed wiring are connected via a bump electrode formed in a semiconductor chip rear face. 
[Claim 16] A manufacturing method of the semiconductor device according to claim 13, wherein said printed wiring is 
not less than 15 micrometers of thickness. 

[Claim 17]A manufacturing method of the semiconductor device according to claim 13, wherein frequency of said 
oscillating circuit is not less than 4 GHz. 

[Claim 18]A manufacturing method of the semiconductor device according to claim 13, wherein Q value of said 
oscillating circuit is 60 or more. 

[Claim 19]A manufacturing method of the semiconductor device according to claim 13, wherein a manufacturing 
method of said semiconductor device has further the process of building said semiconductor device into a mobile 
communication apparatus. 

[Claim 20]It is [ a process for which a supporting board in which printed wiring which has wiring used as an inductor 
characterized by comprising the following which constitutes an oscillating circuit on the upper surface was formed is 
prepared, and ] the 1st semiconductor chip and 2nd semiconductor chip on said supporting board. 
The 1st semiconductor chip in which circuits other than an oscillating circuit were formed among said sending circuit 
and a receiving circuit. 

A process of being a process of carrying the 2nd semiconductor chip in which a capacitor which constitutes said 
dispatch circuit was formed, and electrically connecting said semiconductor chip and said printed wiring. 

[Claim 21] A manufacturing method of the semiconductor device according to claim 20, wherein said 1st and 2nd 
semiconductor chips and printed wiring are connected via a bump electrode formed in these semiconductor chip rear 
faces. 

[Claim 22]A manufacturing method of the semiconductor device according to claim 20, wherein L value of wiring 
which said printed wiring carries out two or more owners of the wiring used as an inductor, and serves as said 
inductor is two or more sorts. 

[Claim 23] A manufacturing method of the semiconductor device according to claim 20, wherein said printed wiring is 
not less than 15 micrometers of thickness. 

[Claim 24]A manufacturing method of the semiconductor device according to claim 20, wherein frequency of said 
oscillating circuit is not less than 4 GHz. 

[Claim 25]A manufacturing method of the semiconductor device according to claim 20, wherein Q value of said 
oscillating circuit is 60 or more. 

[Claim 26]A manufacturing method of the semiconductor device according to claim 20, wherein a manufacturing 
method of said semiconductor device has further the process of building said semiconductor device into a mobile 
communication apparatus. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Especially this invention is applied to the semiconductor device which has a high frequency 
analog signal processing circuit about a semiconductor device and a manufacturing method for the same, and relates 
to effective art. 
[0002] 

[Description of the Prior Art]RF (radio frequency) signal processing part in wireless-radios machines, such as a 
cellular phone, It consists of various parts, such as LNA (lownoise amplifier), a mixer, PLL (phase locked loop), VCO 
(voltagecontrolled ocillator), and an inductor. 

[0003] 1 chip making of these parts is examined from the demand of the small weight saving of a wireless-radios 
machine, and lowcost-izing. 

[0004]For example, NIKKEI ELECTORONICS 2000.4. 10(no.767)p. 56 ■ 58 have the statement about 1 chip making of 

an RF circuit. 

[0005] 

[Problem(s) to be Solved by the Invention]This invention persons are performing research and development of a 
wireless-radios machine, and The above-mentioned LNA, Since a degree of location falls and cost becomes high in 
forming RF (radio frequency) signal processing part combining discrete part, such as a mixer, PLL, VCO, and an 
inductor, 1 chip making of the RF signal treating part is examined. 

[0006]Although VCO is a kind of the thing using oscillating current flowing into the parallel resonant circuit of a coil 
and a capacitor here among the parts which constitute the above-mentioned RF signal treating part and it is a circuit 
which can change oscillating frequency by control of voltage, When forming the element (a coil and a capacitor) which 
constitutes this circuit in one chip, various problems may arise. 

[0007]For example, the Q value (Quality factor) of a VCO circuit is so good that the resistance R which can express 
with Q=1/R(L/C) 1/2 , and is connected between a coil and a capacitor is small. Here, Q value is a parameter which 
shows the sensitivity of a VCO circuit. 

[0008]Therefore, the coil itself is wide and forming using large wiring of thickness is desirable. 

[0009]However, when forming a coil by forming aluminum (aluminum) wiring etc. in spiral shape in 1 chip for 
example, the thickness of Al wiring has restriction and low -resistance -izing is difficult. A coil end must be connected 
via a plug etc. and resistance becomes large by passing this plug. 
[00 10] As a result, the problem that Q value will become small arises. 

[001l]On the other hand, since frequency (f) can express with f=l/2pi(L-C) 1/2 (L* inductance of a coil, capacity of 
C:capacitor), in order to adjust frequency, There is a means to obtain desired frequency, by preparing the variable 
capacity element which can change capacity by control of voltage as opposed to regular L. 

[00 12] However, when dispersion has L value, in order to obtain desired frequency, it is necessary to compensate 
dispersion in L value by change of said capacity C but, and the capacity variable width for which the capacity C is 
asked increases as dispersion in L value becomes large. Thus, since, as for the variable capacity with comparatively 
big variable width, dispersion to the set-up capacity C becomes large, control of frequency will become difficult after 
all. When the varicap diode using the junction capacitance produced when reverse bias is especially impressed to a 
PN junction as a capacitor is used, restriction arises in the variable range of capacity. As a result, the problem that 
desired frequency cannot be obtained arises. 

[0013]The purpose of this invention is to provide a semiconductor device integrated highly and a manufacturing 
method for the same about a semiconductor device, a semiconductor device which has an RF signal treating part 
especially, and a manufacturing method for the same. 

[0014]Other purposes of this invention are to improve the reliability of a semiconductor device by improving the 
characteristic of the VCO circuit which constitutes an RF signal treating part. 

[0015]Said purpose of this invention and the new feature will become clear from description and the accompanying 

drawing of this specification. 

[0016] 



3 



* T 

[Means for Solving the Problem]It will be as follows if an outline of a typical thing is briefly explained among 
inventions indicated in this application. 

[00 17] A semiconductor device of this invention is a supporting board in which a semiconductor chip in which 
elements other than an inductor which constitutes an oscillating circuit were formed, and said semiconductor chip 
are mounted, and has the supporting board in which printed wiring was formed, and an inductor which constitutes 
said oscillating circuit is formed by printed wiring. 

[0018]Thus, since an inductor of an oscillating circuit was formed by printed wiring, thickness of printed wiring can 
be secured and Q value of an oscillating circuit can be raised. 

[0019]If said semiconductor chip and printed wiring are connected via a bump electrode formed in a semiconductor 
chip rear face, resistance between an inductor and a capacitor formed in a semiconductor chip can be lowered, and Q 
value of an oscillating circuit can be raised. 

[0020]The 1st semiconductor chip in which a semiconductor device of this invention is a semiconductor device which 
has a sending circuit, a receiving circuit, and an oscillating circuit, and said sending circuit and a receiving circuit 
were formed, It is a supporting board in which the 2nd semiconductor chip in which elements other than an inductor 
which constitutes said oscillating circuit were formed, and said 1st and 2nd semiconductor chips are mounted, and 
has the supporting board in which printed wiring was formed, and an inductor which constitutes said oscillating 
circuit is formed by printed wiring. 

[002l]Thus, since a sending circuit and a receiving circuit, and an oscillating circuit were considered as another chip, 
resonance with a signal outputted from an oscillating circuit and a signal outputted and inputted by circuits other 
than an oscillating circuit can be prevented. 

[0022]A process for which a supporting board in which printed wiring which has the wiring in which a manufacturing 
method of a semiconductor device of this invention serves as an inductor which constitutes an oscillating circuit on 
the upper surface was formed is prepared, It is the process of carrying a semiconductor chip in which elements other 
than an inductor which constitutes a dispatch circuit were formed on said supporting board, and has the process of 
electrically connecting said semiconductor chip and said printed wiring. 

[0023]Thus, since a semiconductor chip in which elements other than an inductor which constitutes a dispatch circuit 
were formed on printed wiring used as an inductor was carried, thickness of printed wiring can be secured and a 
semiconductor device which has a high oscillating circuit of Q value can be manufactured. 

[0024]If said semiconductor chip and printed wiring are connected via a bump electrode formed in a semiconductor 
chip rear face, dispersion in L value of an inductor can be prevented and a high oscillating circuit of Q value can be 
obtained. 

[0025]It can respond to two or more sorts of frequency bands by changing these wiring on a supporting board, if 
printed wiring used as an inductor (two or more sorts) which differs in L value is prepared on a supporting board. 
[0026] 

[Embodiment of the InventiorjHereafter, an embodiment of the invention is described in detail based on a drawing. 
In the complete diagram for describing an embodiment, the same numerals are given to the member which has the 
same function, and explanation of the repetition is omitted. 

[0027](Embodiment l) Drawing 1 - drawing 9 are the figures showing the manufacturing process of the 
semiconductor device which is the embodiment of the invention 1. Hereafter, the manufacturing process of the 
semiconductor device which is the embodiment of the invention 1 is explained, taking these drawings into 
consideration. 

[0028] Drawing 1 is a top view showing the manufacturing process of the semiconductor device which is the 
embodiment of the invention 1, and drawing 2 is an A* A sectional view of drawing 1. 

[0029]As shown in drawing 1 and drawing 2, the printed wiring 2 and 3 is printed on the package substrate 
(supporting board) 1 which consists of ceramic substrates etc. Among these wiring, the printed wiring 3 is formed in 
the looped shape 3a and 3c and the spiral shape 3b, and serves as a coil (inductor) of VCO. Although it is about 15 
micrometers and becomes a very thin film as compared with the package substrate 1, the thickness of this printed 
wiring is thickly indicated in drawing 2 and drawing 4, in order to explain plainly. 

[0030]The terminal area 2a is formed in the inside of the printed wiring 2, and the printed wiring 2 and the solder 
ball 11 of the rear face of the package substrate 1 mentioned later are connected to it via this terminal area 2a. 
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[0031] Subsequently, as shown in drawing 3 and drawing 4, the semiconductor chips 4, 5, and 6 are carried on the 
package substrate 1. The bump electrode 8 is exposed to the rear face of these semiconductor chips 4, 5, and 6, and 
the semiconductor chips 4, 5, and 6 are carried in it so that these bump electrodes 8 may contact on the printed wiring 
2 and 3. Drawing 3 is a top view showing the manufacturing process of the semiconductor device which is the 
embodiment of the invention 1, and drawing 4 is an A- A sectional view of drawing 3. In the top view, the printed 
wiring (2, 3 grades) under a semiconductor chip (4, 5, 6) is also shown tin subsequent figures, it is the same.). 
However, it removes figure 7. 

[0032]Here, a part of VCO of the receiving system is formed in the semiconductor chip 5. As mentioned above, VCO is 
a kind of the thing using oscillating current flowing into the parallel resonant circuit of a coil and a capacitor, and is a 
circuit which can change oscillating frequency by control of voltage. 

[0033]An example of the circuitry is shown in drawing 5. As shown in drawing 5, the coil LI (L2) and the variable 
capacity capacitor Cl (C2) are connected between the node A and the node C and between the node B and the node C, 
respectively. Between the node D and earth potentials, the capacitor C3 and C4 (C5, C6) are connected in series. The 
resistance Rl (R2) is connected with these capacitors C3 and connection node E of C4 (C5, C6) between the nodes G. 
The transistor Tl (T2) is formed between the node D and the node F, and the emitter is connected to the node E. 
[0034]Element (X)s other than coil LI (L2) are formed in the semiconductor chip 5 among the elements (LI, Cl, Tl 
grade) which constitute these VCO circuits. 

[0035] Similarly, elements other than coil LI (L2) are formed in the semiconductor chip 4 in which a part of VCO of 
the transmission system is formed among the elements (LI, Cl, Tl grade) which constitute the VCO circuit of a 
transmission system. 

[0036]Other circuits Cow noise amplifier) required for RF signal processing, for example, LNA, a mixer, PLL (phase 
locked loop), etc. are formed in the semiconductor chip 6. 

[0037] An example of the composition of the circuit (a transmission system circuit and a receiving system circuit) of an 
RF signal treating part is shown in drawing 6. 

[0038]A receiving system circuit has LNA101, 102, the mixers 103 and 104, and a variable gain low pass filter (139). 
In a mixer, while changing signal frequency into a baseband belt from RF belt, the recovery divided into a sin 
component and cos components is also performed simultaneously. For this reason, it is necessary to add the local 
oscillation signal with which about 90 degrees of phases differ to a mixer (103, 104), and generates using a dividing 
term (105, 115). A local oscillation signal is generated by constructing a PLL loop by VCO (111) and PLL (112). If the 
thing of a 3600 MHz-band oscillation is used as VCO (ill), a counting-down circuit (116) by arranging in the 
preceding paragraph of a counting-down circuit (105). The output frequency of a counting-down circuit (105) is set to 
900 MHz, and acquires the local oscillation signal for GSM (Global System forMobil Communication). The 
******SUBANDO signal of a mixer (103, 104) is inputted into a variable gain low-pass filter (139), and level 
adjustment and interference removal are performed. A variable gain low-pass filter (139) comprises a low pass filter 
(106, 107, 137, 138) and a variable gain amplifier (108, 109). 

[0039]The so-called circuit of the offset PLL system is used for the transmission system circuit. 

[0040]Thus, the inside of a receiving system and transmission system circuits (LNA, a mixer, PLL, VCO, etc.), 
Circuits (Y) other than a VCO circuit are formed in the semiconductor chip 6, and a VCO circuit is considered as 
another chip (semiconductor chips 4 and 5) in order to prevent resonance with the input output signal of a VCO 
circuit, and the input output signal of circuits other than a VCO circuit. However, among the VCO circuits in drawing 
6, since the corresponding frequency band of IFVCO (except for the coil part which constitutes IFVCO) is small, it is 
formed in the semiconductor chip 6. 

[0041] VCO of a receiving system and VCO of the transmission system are considered as another chip (semiconductor 
chips 4 and 5) for the same reason, respectively. 

[0042]The problem of such resonance becomes large and the measure of dividing a semiconductor chip is needed in 
especially the high frequency band (around 3700 MHz) used by PCN or a GSM standard. On the contrary, about the 
VCO circuit used in a low frequency band, it is possible to form in the same chip as other receiving systems and a 
transmission system circuit. A transmission system VCO circuit and a receiving system VCO circuit can also be 
formed in the same chip. 

[0043] Subsequently, as shown in drawing 7 and drawing 8, the underfill material 10 is poured in between the rear 
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faces of the semiconductor chips 4, 5, and 6 the package substrate 1 top. Drawing 7 is a top view showing the 
manufacturing process of the semiconductor device which is the embodiment of the invention 1, and drawing 8 is an 
A* A sectional view of drawing 7. 

[0044] Subsequently, a solder ball is formed in the rear face of the package substrate 1 as shown in drawing 9. This 
solder ball is connected with the terminal area 2a which showed drawing 2. 

[0045]Thus, in this embodiment, since circuits other than a VCO circuit and a VCO circuit were considered as 
another chip, resonance with the input output signal of a VCO circuit and the input output signal of circuits other 
than a VCO circuit can be prevented. 

[0046] All the elements that constitute a VCO circuit are not formed in the same chip, Elements other than coil Ll 
(L2) are formed in a semiconductor chip among the elements (Ll, Cl, Tl grade) which constitute a VCO circuit, Since 
the coil Ll (L2) was formed as printed wiring on the package substrate in which said semiconductor chip is mounted, 
L value and Q value of a coil are easily securable. 

[0047]Here, a coil as shown in drawing 10 is explained to an example about L value. One side of the coil of W (mm) 
and approximately quadrangular shape is set to a (mm) for the width of the coil shown in drawing 10. For example, 
when W is 0.08 mm, a needs to be 0.7 mm in order to obtain the coil of InH. a needs to be 0.9 mm in order to obtain 
the coil of 2nH. a needs to be 1.3 mm in order to obtain the coil of 4nH. However, if a coil is formed in spiral shape as 
shown in drawing 14 (b), large L value can be obtained with a small area. 

[0048]On the other hand, the Q value of VCO can be expressed with Q=1/R(L/C) 1/2 as it mentioned above. Therefore, 
it is so good that the resistance R connected between a coil and a capacitor is small. Therefore, if a coil's own width W 
is made large, it will be thought that the resistance R becomes small and can secure high Q value. 
[0049] However, as shown in a related figure with width [ of the Q value shown in drawing 11, and a coil ] W (mm), 
even if it makes width W of a coil large, Q value does not become high so much. Even if this makes width of a coil 
large, it is for a signal (high frequency) to flow through the inside of a coil. 

[0050]Therefore, in order to secure Q value, it is necessary to make resistance R small by securing height T (thickness 
of printed wiring) of a coil. A related figure with height [ of Q value and a coil ] T (mm) is shown in drawing 12. 
[005l]Then, since the coil was formed by printed wiring according to this invention, coil height can be secured easily 
and high Q value can be obtained. 

[0052]On the other hand, for example, when Al wiring etc. are used and a coil is formed in a semiconductor chip, 
about 2 micrometers of the thickness cannot be secured. On the other hand, it is possible to form wiring of not less 
than 15 micrometers, if it is printed wiring. It can form cheaply. 

[0053]Drawing 13 is a figure showing the relation between Q value and frequency (GHz) about the coil of InH (a) 
mentioned above, 2nH (b), and 3nH (c). High Q value (80 or more) was able to be obtained about the coil of InH (a) 
and 2nH (b) in the high frequency band (4 GHz and 5 GHz) so that it might illustrate. It calculated as 0.4 mm of 
substrate board thickness, the dielectric constant 9.6, the dielectric dissipation factor 0.001, electrode conductor 3x10 
7 , the electrode layer thickness of 0.015 mm, and electrode width of 0.080 mm. 

[0054]Next, the desired value of Q value is explained. For example, in the standard of GSM mentioned above, the 
desired value of phase noise (C/N) serves as "139 dBc/Hz. It will be said that noise is small, so that this figure is small. 
When a margin is seen to this desired value and the desired value of phase noise is made into "142 dBc/Hz now, about 
80 Q value is needed. 

[0055]ln order to make this C/N small, it is necessary to make Q value of an oscillating circuit high. When the desired 
value of phase noise is made into -139 dBc/Hz (GSM standard), about 40 Q value is needed. 

[0056]Thus, it is necessary to secure 80 or more Q value desirably 60 or more in a high frequency (not less than 3600 
MHz) zone. 

[0057]Drawing 14 is a figure showing the example of the shape of a coil. In drawing 11, although the coil of 
quadrangular shape was shown, as shown in drawing 14 (a), it is good also as circular in coil shape. In order to obtain 
large L value as mentioned above, as shown in (b), it is necessary to form a coil in spiral shape. The circular thing of 
the shape of a coil as shown in drawing 14 is more preferred in order to avoid the resistance in a corner. Thus, if it 
forms by printed wiring even if coil shape is a round shape and spiral shape, it can form easily and cheaply. 
[0058] Drawing 15 is a figure showing the connected state of the semiconductor chip 4 and the coil 3a which were 
shown in drawing 3. As shown in drawing 15, the coil 3a is connected via the bump electrode 8 currently formed in 



6 



.» 1 

the rear face of the semiconductor chip 4 and the semiconductor chip 4. 

[0059]Thus, since the coil 3a and the semiconductor chip 4 were connected via the bump electrode according to this 
embodiment, resistance R connected between a coil and a capacitor can be made small, and Q value can be made high. 
[0060]For example, when between a coil and capacitors is connected using a wire, resistance will become high and Q 
value will fall. L value will vary with dispersion in the length of a wire. As a result, desired frequency cannot be 
obtained. 

[006l]Drawing 16 is the coil 13 shown in drawing 14 (b), and a figure showing a connected state with the 
semiconductor chip 14. As shown in drawing 15, the coil 13 is connected via the bump electrode 8 currently formed in 
the rear face of the semiconductor chip 14 and the semiconductor chip 4. Thus, if it connects via a bump electrode 
even if coil shape is spiral shape, a coil end and a semiconductor chip are easily connectable. 

[0062]Drawing 17 (a) and (b) is a figure showing other connection methods between the coil and semiconductor chip 
which are shown in drawing 15 and drawing 16, respectively. The coil is formed in the lower part of a semiconductor 
chip although a coil is similarly connected with the case where it is shown in drawing 15 and drawing 16, via a 
semiconductor chip and the bump electrode 8. Thus, if a coil is formed in the lower part of a semiconductor chip, the 
field which forms the printed wiring (for example, 2 in drawing 1, 2a) for pulling out outside the printed wiring which 
connects between semiconductor chips, and the wiring connected to the elements (LNA etc.) in a chip is widely 
securable. 

[0063]According to this embodiment, two or more coils which have various L values beforehand can be prepared for a 
printed circuit board, and it can respond to the signal of two or more frequency bands by changing these coils. 
[0064]Drawing 18 (a) is other examples of the plan of the receiving system VCO section (semiconductor chip 5 
periphery of drawing l). As shown in drawing 18, the signal (dual mode) of two sorts of frequency bands can be 
formed by changing connection between the coil 3c 1 from which an inductor differs, 3c2, and the circuit in the 
semiconductor chip 15. 

[0065]It is good also as shape which shows drawing 18 (b) the coil 3c2 shown in drawing 18 (a). In this case, the 
terminal area of the coil of two spiral shape corresponds to the node A of drawing 5. 

[0066] (Embodiment 2) In Embodiment 1, although circuits other than a VCO circuit were formed in the same 
semiconductor chip among a receiving system and transmission system circuits (LNA, a mixer, PLL, VCO, etc.), it is 
good also considering a receiving system circuit and a transmission system circuit as another chip. 
[0067]Drawing 19 is a top view showing the semiconductor device which is the embodiment of the invention 2. The 
semiconductor chip 6 of Embodiment 1 is divided into the semiconductor chips 26a and 26b, and is mounted in the 
package substrate 1, and also since it is the same, the manufacturing method of the semiconductor device of this 
embodiment omits the explanation. 

[0068]Elements other than coil Ll (L2) are formed in the semiconductor chip 4 like the case of Embodiment 1 among 
the elements (Ll, Cl, Tl grade) which constitute a transmission system VCO circuit. Elements other than coil Ll 
(L2) are formed among the elements (Ll, Cl, Tl grade) which constitute a receiving system VCO circuit. The coil Ll 
(L2) which constitutes a VCO circuit is formed as printed wiring on the package substrate. Therefore, like the case of 
Embodiment 1, Q value can be secured and the reliability of a VCO circuit can be improved. 

[0069]Next, other circuits required for RF signal processing to the semiconductor chip 26a. For example, the circuit 
(1024) of the transmission system among LNA (low noise amplifier), a mixer, PLL (phase locked loop), etc. "it ****** 
and the circuit (1005) of a receiving system is formed in the semiconductor chip 26b. 
[0070]An example of these circuits is shown in drawing 20. 

[0071] A receiving system circuit (1005) comprises LNA (1006), a mixer (1007), a profit conversion amplifier (1009), a 
low pass filter (1010), a counting-down circuit (1012) for local signals made to generate about 90 degrees of phase 
reference, PLL (1011), etc. 

[0072]A sending circuit (1024) A modulation circuit (1018), an intermediate frequency OF) gain variable amplifier 
(1021), An IF filter (1022), a transmission mixer (1020), RF gain variable amplifier (1019), intermediate frequency 
VCO (1016), an intermediate frequency PLL circuit (1017), and about 90 degrees comprise a counting-down circuit 
(1014) for phase reference generating, and a counting-down circuit (1015) for local signals. 

[0073] VCO (1013) is oscillated by the twice of received frequency. In a receiving circuit, the local signal which has the 
same frequency as the received frequency from which about 90 degrees of phases shifted by carrying out 2 dividing 
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with a counting-down circuit (1012) is generated. The signal amplified in LNA (1006) is changed into a baseband 
signal by being multiplied by the local signal which has the same frequency by a mixer (1007). A baseband signal is 
amplified with a gain variable amplifier according to a signal level, and an interference is removed by the low pass 
filter and sent to the baseband signal processing circuit of the next step. 

[0074]From a baseband signal processing circuit, a sending circuit receives a baseband signal and is changed into an 
intermediate frequency signal with a modulator (1018). The harmonics generated in an intermediate frequency 
signal generate time are removed by the IF filter (1022), and are changed into an RF signal by the transmission 
mixer (1020). A signal level is controlled using both an intermediate frequency (IF) gain variable amplifier (1021) and 
RF gain variable amplifier (1019). The output of a sending circuit is amplified by a power amplifier (1003), and is 
connected to a branching filter (1002) via an isolator (1023). The branching filter comprised combination of the filter 
which makes a transmission band and a receiving band a pass band, and it has controlled that a sending signal leaks 
to an input signal. Here, a receiving system circuit and the transmission system circuit can operate simultaneously. 
[0075]Thus, in this embodiment, a receiving system circuit and a transmission system circuit can be considered as 
another chip, the isolation of two circuits can be raised, and the sensitiveness deterioration of a receiving circuit can 
be prevented by controlling the leak lump to the receiving circuit of a sending signal. 

[0076]As mentioned above, although the invention made by this invention person was concretely explained based on 
the embodiment, it cannot be overemphasized that it can change variously in the range which this invention is not 
limited to said embodiment and does not deviate from the gist. 
[0077] 

[Effect of the Inventionllt will be as follows if the effect acquired by the typical thing among the inventions indicated 
in this application is explained briefly. 

[0078] Since the inductor of the oscillating circuit was formed by printed wiring, the thickness of the wiring which 
forms a coil can be secured and the Q value of an oscillating circuit can be raised. 

[0079]If said semiconductor chip and printed wiring are connected via the bump electrode formed in the 
semiconductor chip rear face, resistance between an inductor and the capacitor formed in a semiconductor chip can be 
lowered, and the Q value of an oscillating circuit can be raised. 

[0080] Since circuits and oscillating circuits other than an oscillating circuit were considered as another chip among 
the sending circuit and the receiving circuit, resonance with the signal outputted from an oscillating circuit and the 
signal outputted and inputted by circuits other than an oscillating circuit can be prevented. 

[008l]Since the semiconductor chip in which elements other than the inductor which constitutes a dispatch circuit 
were formed on the printed wiring used as an inductor was carried, the thickness of the wiring which forms a coil can 
be secured and the semiconductor device which has a high oscillating circuit of Q value can be manufactured. 
[0082]If said semiconductor chip and printed wiring are connected via the bump electrode formed in the 
semiconductor chip rear face, dispersion in L value of an inductor can be prevented and the high oscillating circuit of 
Q value can be obtained. 

[0083]It can respond to two or more sorts of frequency bands by changing these wiring on a supporting board, if the 
printed wiring used as the inductor (two or more sorts) which differs in L value is prepared on the supporting board. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l]It is a plan of the substrate in which the manufacturing process of the semiconductor device which is the 
embodiment of the invention 1 is shown. 

[Drawing 2]It is a sectional view of the substrate in which the manufacturing process of the semiconductor device 
which is the embodiment of the invention 1 is shown. 

[Drawing 3]lt is a plan of the substrate in which the manufacturing process of the semiconductor device which is the 
embodiment of the invention 1 is shown. 

[Drawing 4]It is a sectional view of the substrate in which the manufacturing process of the semiconductor device 
which is the embodiment of the invention 1 is shown. 
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[Drawing 5]It is a figure showing an example of the composition of a VCO circuit. 
[Drawing 6]It is a figure showing an example of the circuitry of an RF signal treating part. 

[Drawing 7]It is a plan of the substrate in which the manufacturing process of the semiconductor device which is the 
embodiment of the invention 1 is shown. 

[Drawing 8]It is a sectional view of the substrate in which the manufacturing process of the semiconductor device 
which is the embodiment of the invention 1 is shown. 

[Drawing 9]It is a sectional view of the substrate in which the manufacturing process of the semiconductor device 
which is the embodiment of the invention 1 is shown. 

[Drawing 10]It is a figure showing the coil of the semiconductor device which is the embodiment of the invention 1. 
[Drawing ll]It is a figure showing the relation between the Q value of an oscillating circuit, and the width W of a coil. 
[Drawing 12]It is a figure showing the relation between the Q value of an oscillating circuit, and height T of a coil. 
[Drawing 13]It is a figure showing the relation between the Q value of an oscillating circuit, and frequency. 
[Drawing 14]It is a figure showing the example of the shape of a coil. 
[Drawing 15]It is a figure showing the connected state of a semiconductor chip and a coil. 
[Drawing 16]It is a figure showing the connected state of a semiconductor chip and a coil. 
[Drawing 17]It is a figure showing the connected state of a semiconductor chip and a coil. 

[Drawing 18]It is a figure showing a connected state with the coil which differs in a semiconductor chip and L value. 
[Drawing 19]It is a plan of the substrate in which the manufacturing process of the semiconductor device which is the 
embodiment of the invention 2 is shown. 

[Drawing 20]It is a figure showing an example of the circuitry of the RF signal treating part which is the embodiment 
of the invention 2. 
[Description of Notations] 

1 Package substrate 

2 Printed wiring 
2a Terminal area 

3 Printed wiring (coil) 
3a, 3b, and 3c Coil 

3c 1 and 3c2 Coil 

4 Semiconductor chip 

5 Semiconductor chip 

6 Semiconductor chip 
8 Bump electrode 

10 Underfill material 

11 Solder ball 

15 Semiconductor chip 

26a Semiconductor chip 

26b Semiconductor chip 

101, 102 LNA(low noise amplifier) 

106, 107, 131, 132, 137, and 138 Reduction passage filter 
108 and 109 Variable gain amplifier 
110 Direct current offset voltage calibration circuit 
103, 104, 123, and 126 Mixer 

105, 115, 116, 117, 118, 119, and 120 Counting-down circuit 

111, 114, 128, 129 VCO 

112, 113 PLL 

121, 122 changeover switches 
127 Phase comparator 
130 Power amplifier 
133, 134 band-pass filters 
135 Antenna switch 
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136 Antenna 

139 Variable gain reduction passage filter 

140 IC internal-organs circuit 
CI, C2 variable capacity capacitor 
C3, C4, C5, and C6 Capacitor 
A-G Node 

LI and L2 Coil 
Rl and R2 Resistance 
Tl and T2 Transistor 
T Height of a coil 
W Width of a coil 
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c2t, ¥§ft^y7l 5F*JO|a|»i:©a«5*fflt)eA 
[0 0 6 5] 018 (a) KaVf-3>f/l/3 c 2 



^.018 (b) t^-fm^i:LTfe«tV\ C(D^- 



5CD/-F 



2 O CD 7, t V 5 ;H^<D 3 ;1/CD : 
[0 0 6 6] (JlfifccDff^H 2 ) %M<r)WM IK *5t^T 

tt, £ffi&fc«ktfaH3&lHl» (lna. 5 +-9-, PL 

L, VCOf) cr>3^, V C 0 IhI»W^O|hIIS%, ffl— 
[0 0 6 7] 0 1 9 It. *¥£W<Dnm<D&m2X*&Z¥ 
mW?-v~72 6 a t 2 6 blCftfiJ^ftT, /^y^-^S 

So 

[0 0 6 8] Sfe, H)5fi<0^lcDJi^t|B)^C, ¥9 

(*f-yy4ta:, am^vcoHB^^-rsiR^ (L 

K C 1> T 1 W) CD3^> 3-T;l/L 1 (L 2) tWco 

JR^^filcSnT^So SffllRVCOlHl»*«lfiK 
tZMlr (LK C 1> T1S?) ©9^, 1 

(L2) wn.o*f3WR*«nTif"»*. $rc, vcoihi 
tt*«*r sn^i/L 1 (L2) 14, /<«y*--s;a«± 



11 

&mi<om&tmm^ Qimmmxz. v coses© 
mmvtzMtf) 5 c t ttx* 1 5 0 

[0 0 6 9] £fc, iNM*^yy2 6 alCti, RFff^ 
*aatC<g®J&fflOlH]»» 0Jx.tf, LNA (low noise am 
plifier) , 5*t>\ PLL (phase locked loop) 
O ^, mWkVWh (1 0 2 4) WflM£tl, 
=f-y"f2 6 bfcti* %mJk<0\B\m (1 0 0 5) tfBf&Z 

tl5o 

[oo 7 o] 02 om, cn&<D@tto— ffj*^f. io 

[0 0 7 1 ] ${g$m& (1 0 0 5) (i, LNA (10 

o 6) , (1007) , mm&mm® (100 

9) . imffi&7J)\<* (10 10), 90° tiLftm* 
aflfe«**P-*;Hl*ffl»JHI» (10 12), PLL 

(10 1 1) ^frSflllSSftSo 

[0 0 7 2] oililHlSS (1 0 2 4) £MI°IK& ( 1 0 
18), (PROAS (IF) ¥Uft^Ei8«iR (10 2 
1) , I F7-r;l/^ (1 0 2 2), SHBS*-* (102 
0) , R F f!H§Rj$ii«SI (10 19) , tflfflliaSVC 
0 (10 16) , tp-faUHift PLL ESS (1017), 9 20 

o° mmxszmtoMS (1014), u—tuvmm 
tomm (1015) ioi^w. 

[0 0 7 3] VCO (10 13) its &mmi&&<02fe 

•enmtZo %\m®ftx&, $was (1012) icx 
i;«isas%^o-*;Hi^*»4 , r*. lna (10 

0 6) fcTitH£*i;fc{8#«\ (1 0 0 7) ICX 

mcmm®zft'?u-tiMm£m'SfrZft2>ctx 

[0 0 7 4] ^iilHlSSti, ^yFIWiBBJ: 
t), ^^>Fflt^S^%OXfHB (10 18) ^ 

^SKaffifitt, I F7-f;U* (l 0 2 2) £J:DI$* 

anas*? (1020) ic£VRF<micm&is 
ns. fpra^is (if) mt^s&mmss 

(10 2 1), R F f "Jt# nj^t|ip§g§ (1019) ©p^T 
%fflt^T»J«p-r»o ^IlHlSS^tH^ti, «^3tt*Sf§ ( 1 40 
0 0 3) f£«k»3ii4gSft, 7^ VI/-* (1 0 2 3) Z 

KLxwm (1002) ic&mznzo fmrntm® 
B)c?n, ^M^jWMifli9teiitiatro*j«ii»j tr^ 

f#5o 

[0 0 7 5] H<D&olC *H«OJB»tC*V»T»4, § 

U->a 2HMW©3HliaiS'\©ai 
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[0076] w±, *%®%ic&?x%2tircmi*n 
m<DBmicmfe2n%t><Dx*ii.%<, zom%*mi.L 

[0 0 7 7] 

8£Oi:*3 0TS5c 

[0078] fffim&<D>( v>hmw& 
$LLfc<DX\ 3j>i,*Bj&tz>$zm<Dmm*muxz, 

?mm<D Q {B£±tf 5 C £ #T* t 5c 
[0 0 7 9] taiE¥#tt^:/fc7U Vhffiiiii: 

Q{i£±tf5 5= 

[0 0 8 0] £m@ttfc«fctf£«@8<03 SfSiHatf&Ja 

e»ai^$n5fi^t, a&@BUftoBftfcAU£2tt 

5(1^ <D#iS*l»ifr 5 CI ttfX 1 5c 

[0081] ■Jy?t?k.%%7Vi'Y®}i&±\cizm® 
[0082] BuiH^^^y^^'jyua^t 

ffi-rntf, ^ y<?t *<Dum&t>-3Z*m±.xz, q 

filOK V ^ffi@SS£t# 5 C tfT* * 5 0 
[0 0 8 3] ^j**ffi±fcx Lf§<9g&5 (28 

W±0) -Ty^*t45yj>hE»*$»Stti±»C 

T, 2a«±<0Hift»fflf«fcW*S"r5ti:^T*#5. 

[0 1 ] ^Bmmmomm 1 T*S5¥^se<DiHji 
[0 2 ] *fgB^<D^sficD^gi 1 x*h%¥mvmw<ow& 

I@^-rS«Ofrffi0T*fe5c 

[03] *«WO^SS©*»lT«5¥»f*«HO«JS 
I5S^^'TS«O±ffi0T*fe5c 

[0 4 ] *«woiiss<o*ib 1 x*h%¥mvmw(»m& 
xm*7fitMfa<Dmmmx$>z a 

[0 5] VCOlH]SS£O^fi)c£D-^^1-0T'fe5o 
[06] RFfii^«ia8|50lal»«J«©-W*^fHT?& 

[0 7 ] #£i«0£«M)«!B 1 "r*5¥IW*SllOHJt 

[08] *%W(om&<o&m 1 TS5^^g(Diag 



(8) 
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[09] wzwvnmmm i T*&z>*m&$mvmm. 
7jVfiii"e&£o 

[11 3] fgM@SS©Q{gi:Jl&^<DflS^£^0^ 

h%o io 

[si 5] mfo*v7t3-<)it<Dmwittmz7ntm 

[01 6] mfa?v7tzi'{)it<D&WittM**tm 
[017] *Si*^>yyii3^;b^ogi!««|^-r@ 

[01 8] ^mfoT-vytLimm&z^ frto 

[01 9] *H0^^M6Omftg2Tfe§¥^S§©S 20 
5gI*l£^TS*&<D±ffi0T-&5o 

[020] #5P£<DHS&<D1MI {I^SfiHSR 
<9@i&^$<D-$l£^-f0?-&So 

1 yVy^r— i/*StS 

2 T^hiES^ 

2 a S^gP 

3 yU^hiBI^ 

3 a, 3 b, 3 c 3^/l> 

3c l v 3 c 2 3-01/ 30 

4 
5 

6 * 
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8 

l o 7^-7^/14* 
l l /\y?#—)i 

1 5 iNW*f-y^ 
26 a ¥mfo=?-V7 
26b ¥#^-y^ 

i o k 102 l n a am^m^) 

10 6, 1 0 7, 1 3 1, 1 3 2, 1 3 7, 1 3 8 
1 0 8, 1 0 9 iJffittEgs 

l l 0 Ufii*7*!<y hmi£&jE\B\$& 



1 0 3, 1 0 4, 
10 5, 115, 

2 0 ftjats 
111, 114, 



1 2 3, 1 2 6 5^-9- 

116, 117, 118, 119, 1 



1 2 8,1 2 9 VCO 
P L L 



112, 113 
12 1, 12 2 

1 2 7 imm$$ 

1 3 o mtjm^ 

133, 134 mimi&yjfrz 

135 ryftx-i'^ 

1 36 7>r^- 

1 3 9 mimmmy -t^* 

14 0 I C rtdHSS 

Cl, C2 pj^gln^-f >+f 

C3, C4, C5, C6 3>f>f 

A~G /— F 

L 1 , L 2 a 4)1 

R 1 , R 2 ®ta 

T 1 , T 2 h7>^^ 

T ajjUDMZ 



[01] 



[02] 



[0 4] 
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